INTRODUCTION
With the rapid development of modern industry and agriculture, environmental pollution, especially water pollution, has become one of the most serious social problems presently. Great efforts have been made on the treatment of polluted water, and a series of pretreatment techniques, for example, chemical precipitation, 1 liquid−liquid extraction, 2 membrane filtration, 3 ion exchange, 4 and adsorption, 5 have been applied for heavy metal removal from wastewater. Among these technologies, adsorption has been demonstrated with the merits of high efficiency, low cost, and ease of operation. A variety of adsorbents have been employed for metal ion removal, such as metal−organic frameworks, 6 nanocomposites, 7 biomaterials, 8 graphene oxide, 2 and mesoporous carbons. 9 Mesoporous carbons are one kind of porous carbons (PCs), featuring good chemical inertness and electrical conductivity, high specific surface area, and easily controlled pore structure. 10−12 They are attractive for industrial applications as adsorbents, 9 as electrode materials, 13 as catalyst supports, 14 as sensors, 15 in drug delivery, 16 in energy conversion, and as storage materials. 17 A template method is generally adopted for the fabrication of mesoporous carbons, in which a template, such as zeolites and silica (hard template), or block/graft copolymer (soft template), is added into carbon precursors to produce mesopores in PCs. Generally, the hard template is dissolved by corrosive acid/alkali to form a porous structure; the soft template is removed by using a relatively high temperature. Comparatively, some sacrificial soft templates exhibit higher cost than commonly used hard templates. The templating process using mesoporous silica to generate mesoporous carbon is quite tedious and extremely difficult for manufacturing on a large scale. 18 MgO has been demonstrated as a good alternative template for mesoporous carbon preparation. 19 In comparison with zeolite/silica-based template methods for mesoporous carbon preparation, MgO can be easily dissolved by noncorrosive acids; the morphology of the PCs is tunable by varying the MgO precursor and carbon precursor; MgO can be recycled easily. 20 Morishita et al. 19 prepared mesoporous carbons via a MgO template method, and the surface area of the products without any activation process reached 2000 m 2 g −1 . The sizes of the formed mesopores were very similar to those of the MgO particles. As one of the MgO precursors, citrate salts with bulky organic anions are rich in carbon, of low cost, easy to obtain, and are good precursors for carbon materials. Zhuo et al. 21 prepared mesoporous carbons via simple pyrolysis of magnesium citrate, which acted as a MgO precursor and a carbon precursor simultaneously. The one-step pyrolysis process without the need for a metal catalyst is very convenient and economical for preparing mesoporous carbons.
Great progress has been made in adsorption of organic substances by developing various mesoporous carbons, 22 although mesoporous carbons for heavy metal adsorption are still scarce so far, mainly because of the difficulty in the recovery process and lack of functional groups.
The integration of magnetism to PCs can resolve the difficulty in recovery of PCs from aqueous solution with the aid of an external magnet. The separation of magnetic PCs from aqueous solution by an external magnetic field is easy to operate and fast, avoiding the tedious operation of centrifugation and filtration. Magnetic carbon nanoparticles (NPs) with a high Brunauer−Emmett−Teller (BET) surface area (918 m 2 g −1
) exhibited higher adsorption capacities than activated carbon and carbon nanotubes for metal ions. 23 Cheng et al. 24 prepared porous Fe 3 O 4 @C nanocapsules, which exhibited a high removal efficiency (99.6%), large adsorption capacity (79 mg g −1 for Pb), and rapid removal dynamics (within 1 min) for heavy metal removal applications. However, for magnetic carbon materials carbonized at a high temperature (800−1000°C), the oxygen-containing groups on their surface would be greatly lost, leading to low adsorption capacities for metals (e.g., 7.79 mg g −1 for Cu(II)). 23 To resolve this problem, oxidation treatments have been frequently used, and they contribute to the formation of numerous −OH and −COOH groups on the surface of carbon materials. 25 H 2 O 2 is a kind of mild oxidizing agent, which can generate −OH and −COOH groups on the surface of carbon framework and maintain the original mesoporous structure simultaneously. During the H 2 O 2 oxidation process, the groups of −CH 2 and −CH on the carbon skeleton are first oxidized to C−OH and then converted to −CO groups. It is attributed to the corrosion of the carbon wall, increasing the size of mesopores and pore volume. 26 On the basis of these facts, this paper aimed to prepare magnetic mesoporous carbons by using magnesium citrate as both carbon precursor and magnesium precursor and Fe 3 O 4 @ SiO 2 as an iron precursor; to functionalize the obtained magnetic mesoporous carbons via H 2 O 2 oxidation process; and to adopt them for metal ion removal from aqueous solution.
EXPERIMENTAL SECTION
2.1. Apparatus and Chemicals. The determination of target metals was performed with an IRIS Intrepid II XSP model radial inductively coupled plasma optical emission spectrometry (ICP−OES) instrument (Thermo, USA), and the corresponding operation conditions are displayed in Table  1 . A GL-12K model tubular quartz reactor (Kejing Materials Technology Co. Ltd., Hefei, China) was used to synthesize the magnetic nanocomposites. The pH measurement was conducted with a 320-S pH meter (Mettler Toledo, China).
Magnetic separation process was performed by using an Nd− Fe−B magnet (15.0 × 6.0 × 1.6 cm). ) in KBr pellets was used for the characterization of the prepared materials. The crystalline structure was identified using a Rigaku Miniflex 600 X-ray diffractometer (Rigaku Corporation, Japan). S BET was measured by N 2 adsorption at −196°C with a micromeritics ASAP 2020 analyzer (USA), and all samples were outgassed at 120°C for 12 h before measurements. S BET values were calculated from the BET theory, whereas the total pore volume was estimated from the amount adsorbed at a relative pressure of 0.99. The images of the microstructure were taken by an X-650 scanning electron microscope (Tokyo, Japan) and a JEM-2010 transmission electron microscope (Tokyo, Japan). A PPMS-9 model vibrating sample magnetometer (VSM, Quantum , USA) was employed for the characterization of the magnetic properties.
2.6. Adsorption Studies. In the adsorption experiments, 4 mL of sample solution containing Cu(II) and Pb(II) adjusted 20 the effect of calcination temperature on the carbonization was investigated by calcining pure magnesium citrate at 600, 700, and 800°C under an Ar atmosphere. The carbonization yield is calculated by dividing the product mass obtained after calcination with the mass of pure magnesium citrate before calcination. It was found that when we increased the carbonization temperature from 600 to 800°C, the carbonization yield decreased from 43 to 36%. Thermogravimetric (TG) analysis was performed for Fe 3 O 4 @SiO 2 @mC and the mixture of Fe 3 O 4 @SiO 2 and Mg citrate (0.5/9.5) in an inert atmosphere to monitor pyrolysis process, and the result is shown in Figure S1 . After calcination and removal of MgO template by washing with diluted acid, the obtained products are denoted as Mg−C-T, where T stands for the carbonization temperature (600, 700, or 800°C). It was found that the adsorption capacities of 43.9, 25.9, and 24.3 mg g −1 were obtained for Cu(II) and 74.8, 61.5, and 60.9 mg g −1 were obtained for Pb(II) by Mg−C-600°C, Mg−C-700°C, and Mg−C-800°C, respectively. The decreasing sorption capacity of the products along with the increase of the calcination temperature is probably due to the loss of oxygen-containing groups under high temperature. On the other hand, it was found that magnetism of the products was decreased with the increase of the calcination temperature from 600 to 800°C. Thus, a calcination temperature of 600°C was adopted for the synthesis of the composites.
3.1.2. Mass Ratio of Fe 3 O 4 @SiO 2 NPs/Magnesium Citrate. To evaluate the adsorption capacity of magnetic composites, the mass ratio of Fe 3 O 4 @SiO 2 NPs to magnesium citrate in the precursor was investigated in the range of 5/5−0.5/9.5. The sorption capacity of Cu(II) and Pb(II) on the obtained magnetic composites was evaluated. The results are shown in Figure 1 . With the increase of magnesium citrate mass in the precursor mixture, the sorption capacities for Cu(II) and Pb(II) were gradually increased. When the ratio of Fe 3 O 4 @SiO 2 NPs to magnesium citrate was decreased to 0.5/9.5, the adsorption capacity was close to that of pure mesoporous carbon material. Thus, the mass ratio of Fe 3 O 4 @SiO 2 NPs to magnesium citrate as 0.5/9.5 was employed for subsequent experiments.
3. Figure 2a . For the obtained magnetic PCs before acid washing, the characteristic diffraction peaks of MgO (200 and 220) can be seen clearly. 30 The intensities of diffraction peaks are very strong and sharp, and they are in a highly crystalline state, indicating that a large quantity of MgO NPs were in situ embedded in the carbon matrix after high-temperature calcination. On the other hand, carbons formed from magnesium citrate are amorphous (002) and difficult to detect in the XRD pattern. Besides, the products obtained under 700 and 800°C have been characterized by XRD, and it also showed an amorphous state for these carbons. For Fe 3 is ascribed to the CO vibrational stretching of −COOH, indicating that more −COOH groups are generated in the carbon matrix. Figure 2d , the magnetic susceptibility is 4.8 emu/g for Fe 3 O 4 @SiO 2 @mC-H 2 O 2 , a little higher than that of Fe 3 O 4 @SiO 2 @mC (3.4 emu/g). It is possibly attributed to the carbon loss during the oxidation process. 26 Because of the superparamagnetic property, the suspension can be easily separated via an external magnet. A clear solution was obtained after separation by a magnet within 1 min, and the photographs of an aqueous solution before and after separation are shown in the insets of Figure 2d 3.3. Effect of Sample pH. Solution pH would determine the protonation degree of the active sites on the adsorbents and affect the existing form of target ions. Thus, the pH effect on the adsorption performance of the prepared Fe 3 O 4 @SiO 2 @ mC-H 2 O 2 for the removal of Cu(II) and Pb(II) was investigated in the range of 2−8 at room temperature. As shown in the results presented in Figure 4a , the removal efficiency of Cu(II) and Pb(II) increases rapidly with the increase of pH from 2 to 6 and levels off with further increase of solution pH. A complete removal of Cu(II) and Pb(II) can be achieved in the pH range of 6−8 by using Fe 3 presented in Figure 4b . As can be seen, complete removal of Cu(II) and Pb(II) is obtained at a pH of approximately 7−8. This suggests that the H 2 O 2 oxidization process helps to broaden the pH range for the application of magnetic PCs to some extent. ). The results (Figure 5a,b) show that the adsorption equilibrium could be achieved in less than 1 min, suggesting that Fe 3 O 4 @SiO 2 @mC and Fe 3 O 4 @SiO 2 @ mC-H 2 O 2 possess fast adsorption dynamics for removing Cu(II) and Pb(II) from wastewater.
The adsorption kinetic processes of Cu(II) and Pb(II) onto Fe 3 O 4 @SiO 2 @mC and Fe 3 O 4 @SiO 2 @mC-H 2 O 2 were investigated by using pseudo-first-order and pseudo-second-order kinetic models. The details are provided in the Supporting Information. The experimental data were well-correlated with the pseudo-second-order model, and the fitting curves are shown in Figure 5c ,d along with the relevant kinetics parameters listed in Table S2 31 which follows the second-order kinetic model.
3.5. Adsorption Capacity and Adsorption Isotherms. Adsorption capacity is one of the important indexes for the evaluation of the adsorbents, which depends on the specific surface area and the density of active sites on the adsorbent. To estimate the adsorption capacity, the sorption isotherm of Cu(II)/Pb(II) on the prepared adsorbents is shown in Figure  6a ,b. Remarkably, the adsorbed amount of Cu(II)/Pb(II) increases with the increase of Cu(II)/Pb(II) initial concentration and then reaches a plateau, which indicates the saturated adsorption of heavy metal onto the adsorbents. 2,23,24,33−38 Although the surface area of the prepared material is lower than that of activated carbon, its adsorption capacity is significantly higher than that of activated carbon. This indicates that the mesoporous structure and oxygen-containing functional groups, rather than the surface area, significantly contributed to the adsorption process.
The isotherms of Cu(II)/Pb(II) adsorption onto Fe 3 O 4 @ SiO 2 @mC and Fe 3 O 4 @SiO 2 @mC-H 2 O 2 were analyzed using both monolayer (Langmuir) and multilayer (Freundlich) adsorption models. 31 The details are provided in the Supporting Information. The experimental data fit better with Langmuir over Freundlich model (Figure 6c,d) , and the results are presented in Table S3 . The linear regression between C e /q e and C e is fitted with a high correlation coefficient of 0.999, and the calculated maximum sorption capacities for Cu(II) and Pb(II) (94.5 and 154 mg g ), demonstrating that the sorption of Cu(II) and Pb(II) ions on the as-prepared composites fits the Langmuir model, and the adsorption on the surface of composites is a monolayer adsorption. 
CONCLUSIONS
In this paper, magnetic PCs as highly efficient adsorbents were prepared via simple one-step pyrolysis of magnesium citrate, which acted as a MgO precursor and a carbon precursor simultaneously. The obtained magnetic mesoporous carbon was further functionalized via H 2 O 2 oxidation process. The obtained Fe 3 O 4 @SiO 2 @mC-H 2 O 2 exhibited a mesoporous structure with a high specific surface area and presented fast adsorption dynamics (less than 1 min) and high adsorption capacities of 86.5 and 156 mg g −1 for Cu(II) and Pb(II), respectively. It exhibited high removal efficiency, good selectivity, reusability, and easy separation ability and has a great application potential in industrial wastewater treatment. 
